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(54) Dynamic behavior estimate system of automotive vehicle 



(57) A dynamic behavior estimate system of an auto- 
motive vehicle Includes a parameter reading unit (31) 
which reads an input signal indicative of one of vehicle 
behavior parameters when the vehicle operates in a 
cun^ed path. A discriminating unit (32; 35) outputs a 
detection signal indicative of discrimination of an insta- 
bility of the vehicle when a value from the above one of 
the vehicle behavior parameters exceeds a reference 
value. A slip angle detecting unit (33; 36) detects a max- 
imum slip angle that can hold a lateral force of rear 
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wheels or front wheels of the vehicle below a critical 
value, and sets the reference value equal to the maxi- 
mum slip angle. An inference value setting unit (34; 37) 
determines an inference value from the above one of the 
vehicle behavior parameters indicated by the signal, and 
which sets the value, used by the discriminating unit, 
equal to the Inference value, thereby allowing the dis- 
criminating unit to detect whether the inference value 
exceeds the reference value. 
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Description 

BACKGROUND OF THE INVENTION 

5 (1 ) ReW of the Invention 

The present invention generally relates to a dynamic behavior estimate system of an automotive vehicle, and more 
particularly to a dynamic behavior estimate system which discriminates an instability of an automotive vehicle when 
operating in a curved path, in accordance with one of vehicle behavior parameters, including a yaw rate, a lateral accel- 
10 eration and a steering angle. 

(2) Description of the Related Art 

A conventional dynamic behavior estimate system discriminates an instability of an automotive vehicle when oper- 
15 ating in a curved path, based on a relationship between a slip angle of wheels of the vehicle and a cornering force acting 
on the wheels, which is disclosed in. for example. United States Patent No.4,809.183. 

Generally, the wheels of the vehicle have a proper road holding ability when the slip angle and the cornering force 
have a linear relation. The slip angle of a wheel is an angle of a central plane of the wheel to a fbnward running direction 
of the vehicle. 

20 The conventional dynamic behavior estimate system, disclosed in the above publication, canies out a discrimination 
of the instability of the vehicle by detecting whether the slip angle and the cornering force have a linear relation with 
respect to each of the front wheels and the rear wheels of the vehicle. 

More specifically, if the slip angle and the cornering force for both the front wheels and the rear wheels are detected 
to have a linear relation, the above dynamic behavior estimate system determines that no instability of the vehicle occurs 

25 or the vehicle operates in a stable condition. If the slip angle and the cornering force for the rear wheels are detected to 
have a non-linear relation, the above dynamic behavior estimate system determines that an instability of the vehicle, or 
"spin" of the vehicle, occurs. If the slip angle and the cornering force for the front wheels are detected to have a non- 
linear relation, the above dynamic behavior estimate system determines that an instability of the vehicle, or "drift-out" 
of tiie vehicle, occurs. 

30 However, in order to detect the slip angle of the wheels, the above dynamic behavior estimate system is required 
to sense an absolute speed of the vehicle in tiie front-to-rear direction and an absolute speed of the vehicle in tine left- 
to-right direction. Therefore, the above dynamic behavior estimate system must use an absolute vehicle speed sensing 
unit which is capable of sensing such absolute vehicle speeds, and the absolute vehicle speed sensing unit is expensive. 
Accordingly, there is a problem that it is difficult for the above dynamic behavior estimate system to realize a dis- 
ss crimination of the instability of tiie vehicle with a low cost. 

In addition, anotiier method of detecting the slip angle of the wheels by using various vehicle behavior parameters 
including a vehicle speed, a lateral acceleration and a yaw rate, is known, in order to realize such a method, it is necessary 
that a dynamic behavior estimate system includes several sensors which sense the several vehicle parameters including 
at least tiie vehicle speed, the lateral acceleration and the yaw rate. 
40 Further, in the above method of detecting the slip angle, calculations used to discriminate the instability of tiie vehicle 
are performed in accordance with detection signals output from the plurality of the sensors. The results of the calculations 
inevitably include errors of tiie detection signals from tiie sensors which may be accumulated. Therefore, tiie accuracy 
of the discrimination by the above method is likely to become worse, and it is difficult to realize an accurate discrimination 
of ttie instability of the vehicle. 

45 

SUMMARY OF THE INVENTION 

An object of tiie present invention is to provide an improved dynamic behavior estimate system in which tiie above- 
described problems are eliminated. 

so Anotiier object of the present invention is to provide a dynamic behavior estimate system which accurately discrim- 
inates an instability of the vehicle when operating in a curved patfi. in accordance with only one of vehicle behavior 
parameters Including a yaw rate, a lateral acceleration and a steering angle. 

Still another object of the present invention is to provide a dynamic behavior estimate system which carries out an 
accurate discrimination of the instability of tiie vehicle with a low cost. 

55 The above<fescribed objects of the present invention are achieved by a dynamic behavior estimate system which 
includes a parameter reading unit for reading a signal indicative of one of vehicle behavior parameters with respect to 
a vehicle when operating in a curved path; adisaiminating unit for outputting a detection signal indicative of discrimination 
of an instability of the vehicle when a value from the above one of the vehicle behavior parameters indicated by the 
signal exceeds a reference value; a slip angle detecting unit, coupled to tiie discriminating unit, for detecting a maximum 
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slip angle that can hold a lateral force of rear wheels of the vehicle below a critical value, and for setting the reference 
value equal to the maximum slip angle; and an inference value setting unit for determining an inference value from the 
above one of the vehicle behavior parameters indicated by the signal, and for setting the value, used by the discriminating 
unit, equal to the inference value, thereby allowing the discriminating unit to detect whether the inference value exceeds 
5 the reference value. 

The above-described objects of the present invention are achieved by a dynamic behavior estimate system which 
includes a parameter reading unit for reading a signal indicative of one of vehicle behavior parameters with respect to 
a vehicle when operating in a curved path; a discriminating unit for outputting a detection signal indicative of discrimination 
of an instability of the vehicle when a value from the above one of the vehicle behavior parameters indicated by the 

70 signal exceeds a reference value; a slip angle detecting unit, coupled to the discriminating unit, for detecting a maximum 
slip angle that can hold a lateral force of front wheels of the vehicle below a critical value, and for setting the reference 
value equal to the maximum slip angle; and an inference value setting unit for determining an inference value from the 
above one of the vehicle behavior parameters indicated by the signal , and for setting the value, used by the discriminating 
unit, equal to the inference value, thereby allowing the discriminating unit to detect whether the Inference value exceeds 

15 the reference value. 

The dynamic behavior estimate system of the present invention is remarkably effective to speed up the discrimination 
of the instability of the vehicle. Also, it is possible to reduce the cost of the dynamic behavior estimate system because 
the discrimination of the instability of the vehicle can be carried out in accordance with only one of the vehicle behavior 
parameters. Further, it is poss&le to maintain a high accuracy of the disaimination of the Instability of the vehicle. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present invention will be more apparent from the 
following detailed description when read in conjunction with the acconpanying drawings In which: 

25 

FIG.1 is a block diagram which shows one aspect of the present invention; 
FIG.2 is a block diagram shows another aspect of the present invention; 
FIG.3 is a block diagram which shows still another aspect of the present invention; 
FIG.4 is a block diagram which shows a further aspect of the present Invention; 
30 FIG.5 is a block diagram of a dynamic behavior estimate system in a preferred embodiment of the present Invention; 
F1G.6 is a diagram of a model of a vehicle which is used for determinations of a cornering force and a self-aligning 
moment; 

FIG.7 is a diagram for explaining a lateral force acting on a wheel when the wheel Is at a slip angle to a forward 
running direction of the vehicle; 
35 FIG.8 is a chart of a relationship between the slip angle and the lateral force; 

FiG.9 is a flow chart for explaining a discrimination of "drift-out" of the vehicle performed by a control unit using a 
signal output from a yaw rate sensor; 

FIG. 1 0 is a diagram of a model of a vehicle which is used for a determination of an inference value of a slip angle 
of a wheel from one of the vehicle behavior parameters; 
40 FIG. 11 is a chart of a relationship between the slip angle of a front wheel and the lateral force thereof; 
FIG. 12 is a chart of a relationship between the slip angle of a rear wheel and the lateral force thereof; 
FIG. 1 3 is a flow chart for explaining a discrimination of "drift-out" of the vehicle performed by a control unit using a 
signal output from a lateral acceleration sensor; 

FIG. 14 is a ftow chart for explaining a discrimination of "drift-out" of the vehicle peribrmed by a control unit using a 
45 signal output from a steering angle sensor; 

FIG. 15 is a flow chart for explaining a discrimination of "spin" of the vehicle peribrmed using a signal output from 
the yaw rate sensor; 

FIG.16 is a flow chart for explaining a discrimination of "spin" of the vehicle peribrmed using a signal output from 
the lateral acceleration sensor; 
50 FIG. 17 is a flow chart for explaining a discrimination of "spin" of the vehicle peribrmed using a signal output from 
the steering angle sensor; 

FIGS.18A. 1 8B and ISC are characteristic charts of threshokl values of front-wheel and rear-wheel lateral acceler- 
ations for different vehicle speeds; and 

FIG. 19 is a ffow chart for explaining an inhibition of the discrimination of "spin" of the vehicle performed when a 
55 vehicle speed is smaller than a critical vehicle speed. 
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PgSCRIPTiON OF THE PREFERRED EMBODIMENTS 

A description will now be given of various embodiments of the present invention with reference to the accompanying 
drawings. 

5 FIG.5 shows a dynamic behavior estimate system in a prefered embodiment of the present invention. This dynamic 
behavior estimate system is applicable to various aspects of the present invention, each of which will be described later. 

Referring to FIG.5, the dynamic behavior estimate system comprises an electronic control unit (ECU) 10, a vehicle 
speed sensor (fonward velocity sensor) 12. a friction coefficient detector 14, and one of three sensors: a yaw rate sensor 
16; a lateral acceleration sensor 18; and a steering angle sensor 20. The dynamic behavior estimate system including 
10 the above elements is provided in an automotive vehicle. In this dynamic behavior estimate system, the vehicle speed 
sensor 12. the friction coefficient detector 14. and one of the sensors 16, 18 and 20 are connected to inputs of the ECU 
10. Thus, the ECU 10 reads signals output by the sensors 12 and 14, and one of the sensors 16. 18 and 20. 

In the above embodiment, the vehicle speed sensor 12 provides the ECU 10 with a signal indicative of a vehicle 
speed (fbnw ard velocity) "u^ This signal is generated by the vehicle speed sensa 1 2 in accordance with a rotating speed 
15 of an output shaft of a transmission or in accordance with rotating speeds of wheels of the vehicle. 

The friction coefficient detector 1 4 provides the ECU 10 with a signal indicative of a coefficient >" of friction between 
the tires of the vehicle and the road surface. A detection of the coefficient >" of friction is realized by the friction coefficient 
detector 14, for exanple. by reading it from a two-dimensional map in response to a cornering force (CF) and a self- 
aligning moment (SAM) which are calculated when the vehicle operates. In the two-dimensional map. values of the 
20 coefficient of friction which are predetermined in accordance with the relationship between the cornering force CF and 
the self-aligning moment SAM are stored. 

Taking Into account the relationship between the cornering force CF and the self -aligning moment SAM, when the 
CF has a constant value, the value of the SAM increases as the coefficient >" of friction increases with respect to one 
value of the CF Thus, it is possible that the friction coefficient detector 1 4 detects the value of the coefficient >" of friction 
25 by reading it from the two-dimensional map if the value of the cornering force CF and the value of the self-aligning 
moment SAM are determined or calculated. 

FIG.6 shows a model of a vehicle which is used for determinations of the cornering force CF and the self-aligning 
moment SAM. In FIG.6, "Gy" indicates a lateral acceleration acting on the center of gravity of the vehicle, and T indicates 
a yaw rate (or yaw velocity) around a vertical axis passing through the center of gravity of the vehicle. The model of the 
30 vehicle includes a front left wheel FL, a front right wheel FR. a rear left wheel RU a rear right wheel RR, a steering wheel 
22, and a power cylinder 24. The front wheels FL and FR are connected to the steering wheel 22. and the steering of 
the vehicle is controlled by the steering wheel 22 through the front wheels FL and FR. 
The cornering force CF acting on the front wheels FL and FR is represented by 

35 CF = (b*m*Gy + J»dr/dt)/L (1) 

wherein: 

Gy indicates the lateral acceleration ; 

40 b indicates a distance from the center of gravity of the vehicle to a rear axle of the vehicle; 

m indicates a mass of the vehicle; 

J indicates a yaw moment of inertia of the vehicle; and 

L indicates a wheel base of the vehicle. 

45 In the model shown in FIG.6. a steering torque Th of the steering wheel 22 is assisted by the power cylinder 24, 
and it is transmitted from the power cylinder 24 to the front wheels FL and FR. The power cylinder 24 has a left chamber 
and a right chamber. A steering fluid pressure PL in the left chamber is exerted on the front left wheel FL. and a steering 
fluid pressure PR in the right chamber is exerted on the front right wheel FR. The self-aligning moment SAM of the front 
wheels FL and FR is represented by 

50 

SAM = N«Th + k«(PR-PL) (2) 

where: 

55 Th indicate the steering torque; 
N indicates a steering gear ratio; 

k indicates the product of an effective pressure-exerting area of the power cylinder multiplied by a knucMe arm 
length. 
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Accordingly. If the lateral acceleration Gy, the yaw rate r, the steering torque Th, and the steering fluid pressures PL 
and PR. with respect to the vehicle on wtiich the above dynamic behavior estimate system is mounted, are detected, it 
is possible to calculate the value of the cornering force CF and the value of the self-aligning moment SAM in accordance 
with the above Equations (1) and (2). Once the cornering force CF and the self-aligning moment SAM are calculated. 

5 an appropriate inference value of the coefficient "ii" of the friction can be determined in accordance with the results of 
the calculations. Thus, the above-mentioned friction coefficient detector 14 is realized by using this method. 

TTiere are other methods to detect the value of the coefficient Y of the friction. One of such methods is to detect 
the value of the coefficient "|x" of the friction based on a longitudinal acceleration (front to rear direction) acting on the 
vehicle when an antilock brake system (ABS) of the vehicle operates. Another method is to detect the value of the 

10 coefficient "{x" of the friction from a signal output from a non-contact road friction sensor. Tbe above-mentioned friction 
coefficient detector 14 can also be realized by using one of these methods. 

In the above embodiment, shown in FIG.5. the yaw rate sensor 16 provides the ECU 10 with a signal indicative of 
the yaw rate (or yaw velocity) "r** around the vertical axis passing through the center of gravity of the vehicle. TTie lateral 
acceleration sensor 18 provides the ECU 10 witii a signal indicative of tiie lateral acceleration "Gy" acting laterally on 

IS the center of gravity of the vehicle. The steering angle sensor 20 provides the ECU 10 with a signal indicative of the 
steering angle "6" of the steering wheel 22. 

Since one of tiie yaw rate sensor 1 6, tiie lateral acceleration sensor 1 8 and ttie steering angle sensor 20 is connected 
to tiie ECU 1 0. a signal indicative of one of the vehicle behavior parameters witii respect to the vehicle when operating 
in a cun/ed patii is read by tiie ECU 10. 

20 Generally, an instability or excessive rear drift of the automotive vehicle takes places if a lateral force acting on the 
rear wheels of the vehicle when turning in a curved path exceeds a critical value. Hereinafter, this instability is called 
"spin". Also, an instability or excessive front drift of the vehicle takes place if a lateral force acting on ttie front wheels of 
the vehicle when turning in a cun/ed path exceeds a critical value. Hereinafter, this instability is called "drift-out". 
The speed control apparatus of the present invention discriminates "spin" or "drift-out" of the vehicle by detecting 

25 whetiier the rear or front wheels of the vehicle have a proper road holding ability to resist to slip. 

FIG.7 shows a lateral force (side force) "F" acting on a wheel of an automotive vehicle when tiie wheel is at a slip 
angle "a" to a fonward running direction. The forward running direction of the vehicle is indicated by an arrow "A". The 
slip angle a is an angle between the fon^^rd running direction of the vehicle and a centerline of the wheel, as shown in 
FIG.7. Tiie lateral force F is produced due to elastic deformation of tiie tire of the wheel to the road surface. 

30 FIG.8 shows a relationship between the slip angle "a" and tiie lateral force "P. As shown in FIG.8. it is obsen/ed 
that tiie lateral force F changes in proportion with the slip angle a when the slip angle a is below a maximum slip angle 
"^max"- slip angle a and ttie lateral force F in this range have a linear relation. It is also observed that the lateral 
force F does not further increase from a critical value (an upper limit of the lateral force indicated by "Fmax") when the 
slip angle a is above the maximum slip angle "amax"- The slip angle a and the lateral force F in this range have a non- 
35 linear relation. If a lateral force F that exceeds the critical value acts on the wheel, an Instability of the vehicle takes 
place, as described above. 

Accordingly, if it is accurately detected whether an actual slip angle of the wheel of the vehicle is above the maximum 
slip angle "o^ax' > possible to determine whether tiie wheel has a proper road hokJing ability to resist to slip when 
the vehicle operates in a curved path. 
40 In tiie chart shown in FIG.8. the gradient "K" in the linear range of the slip angle and the lateral force means an 
equivalent cornering power with respect to ttie wheel tiiat indicates a magnitude of a lateral force per unit slip angle. 
The equivalent cornering power depends on the road holding ability of ttie wheel, and it is varied according to the wheel 
characteristic and the wheel load. 

In addition, tiie upper limit "Fmax" of the lateral force means a maximum frictional force between the tire and the 
45 road surface. The maximum frictional force depends on the road friction coefficient ")x" and the road hokling ability of 
the wheel, and it is varied according to the wheel characteristic, the wheel load and the road friction coefficient V- 

FIG.9 shows a discrimination of "drift-out" of the vehicle performed by the ECU 10 using a signal output from the 
yaw rate sensor 16. As one aspect of the present invention, the ECU 10 discriminates an instability of the vehicle from 
a yaw rate signal output from the yaw rate sensor 16. A slip angle "a1 " of the front wheels is compared with a maximum 
so slip angle "a1 r^ax"- the discrimination is performed based on a result of the conparison. 

When ttie routine shown in FIG.9 starts, ttie ECU 1 0. at step 1 00. reads a signal indicative of the friction coefficient 
generated by the friction coefficient detector 1 4. Step 1 02 reads a signal indicative of the vehicle speed "u" generated 
by ttie vehicle speed sensor 12, and reads an acceleration "du/dt" derived from the vehicle speed "u". The acceleration 
"du/dt" of the vehicle is determined from a change in the vehicle speed "u" within a predetermined time. 
55 The ECU 1 0. at step 1 04, reads various constant values of the vehicle, and calculates a front-wheel cornering power 
K1 . a rear-wheel cornering power K2. a maximum lateral force "Flmax" of the front wheels and a maximum lateral force 
"F2max" of the rear wheels, by using the constant values. 

The constant values read at this step 104 includes: a mass "m" of the vehicle; a height "h" of the center of gravity 
of the vehicle: a wheel base "L" of the vehicle; a distance "a" from ttie center of gravity of the vehicle to a front axle; a 
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distance V from the center of gravity of the vehicle to a rear axle; a yaw moment "J" of inertia of the vehicle; a reference 
friction coefficient reference maximum lateral forces "Flmaxo" and "F2maxo" when no load change is made and the 
road friction }i ^ }i ^ ; a front-wheel equivalent cornering power "K1 q"; and a rear-wheel equivalent cornering power "K2o*'. 
The front-wheel comering power "K1 the rear-wheel cornering power "KS", the front-wheel maximum lateral force 
5 "Fl max', and the rear-wheel maximum lateral force *F2max" are calculated by the ECU 1 0 at this step 1 04 in accordance 
with the following equations: 

Flmax = \i • F1max^/|jio - ji • (mh/L) • du/dt (3) 
10 F2max = \L • F2max^j/n q + \l* (mhA.) • du/dt (4) 

K1 = K1 Q {mgb/L - (mhA.) • du/dt}/(mgb/L) (5) 
K2 = K2 o {mga/L - (mh/L) • du/dt}/(mga/L) (6) 

IS 

The second terms in the above Equations (3) and (4) show influences on the maximum lateral force by load 
changes occurring when the vehicle Is in acceleration or deceleration. The above Equations (5) and (6) show influences 
on the equivalent cornering powers by load changes occunring when the vehicle is in acceleration or deceleration. 
After the above step 1 04 is performed, the ECU 1 0. at step 1 06, calculates a front-wheel maximum slip angle "al ^ax"- 
20 This calculation is performed based on an approximation that a front-wheel maximum slip angle "a1 maj^" that can hold 
the lateral force of the front wheels below the critical value can be determined from the maximum lateral force "Flmax" 
and the front-wheel cornering power "Kl", as shown in FIG.8. 

At this step 106, the front-wheel maximum slip angle "al^ax" calculated In accordance with the equation: 

25 a1 ^ = F1max/K1. (7) 

After the front-wheel maximum slip angle "al^ax" determined, it is detected whether the actual slip angle of 
the front wheels is above the maximum slip angle "aln^ax"- will make it possible to discriminate the "drift-out** of the 
vehicle when operating in a curved path. 
30 The ECU 10. at step 108. reads a signal Indicative of the yaw rate "r" generated by the yaw rate sensor 16. Step 
110 performs a low-pass filtering for the signal output from the yaw rate sensor 16. The low-pass filter has a cut-off 
frequency fm, and noises, or irrelevant signals having high frequencies above the cut-off frequency fm. are eliminated 
from the yaw rate signal read by the ECU 10. In the above embodiment, the cut-off frequency of the low pass filter is 
about 3 Hz. which is considered the maximum frequency produced due to the vehicle operator. 
35 After the above step 1 10 is performed, the ECU 10, at step 112, determines an inference value "al" of the front- 
wheel slip angle from the yaw rate "r". 

Referring to FIGS. 10.11 and 1 2, a determination of an inference value "al " of the front-wheel slip angle performed 
by the ECU 10 from the yaw rate "r" which is one of the vehicle behavior parameters will be described. 

FIG.1 0 shows a model of a vehicle which is used for the determination of an inference value "al " from the yaw rate 
40 "r". In FIG. 10. "m" is the mass of the vehicle, "a" is the distance from the vehicle's center of gravity of to the front axle, 
"b" is the distance from the vehicle's center of gravity to the rear axle, "J" is the vehicle's yaw moment of inertia, "u" is 
the vehicle speed, "P" is the angle of the forward running direction to the vehicle centeriine. "r" is the yaw rate, and "5" 
is the steering angle. It is assumed that the vehicle model in FIG. 10 operates in a curved path. 

The equations for motion of the vehicle model in FIG. 10, which are used to determine an inference value of a front- 
45 wheel slip angle, can be defined as follows: 

mu (ps + r) = F1 + F2 (8) 
Jrs = aFI - bF2 (9) 



50 



F1=K1-a1 (O^al ^ a^ 
= Flmax (al ^ s al) 



(10) 



55 F2=K2*a2 (11) 

al = 6-p-ar/u (12) 

a2 = br/u-p (13) 
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where "s" is a differential notation, "F1 " Is a lateral force acting on the front wheel, and T2" Is a lateral force acting 
on the rear wheel. 

The above Equation (8) shows the equilibrium with respect to the lateral nx>tion of the vehicle fx\ode\ and the lateral 
forces. The above Equation (9) shows the equilibrium with respect to the angular nmmentum of the vehicle model. 

5 The above Equation (10) represents a relationship between the slip angle "a" and the lateral force "Fr of the front 
wheel, and the above Equation (1 1) represents a relationship between the slip angle "a" and the lateral force ^2" of 
the rear wheel. The charts shown in FIG. 1 1 and FIG. 1 2 are indicated by linear approximation of the slip-angle vs. lateral- 
force relationships of the front wheel and the rear wheel, respectively. In the above embodiment, such approximations 
are used in order to simplify the calculations to determine the inference value "al". 

10 From the above Equations (8) through (1 3). the Inference value a1 of the front-wheel slip angle can be expressed 
by using a transfer function Hr(s) and the yaw rate r, as follows. 

a1 = Hr(s)-r (14) 

15 Hr(s) = {Jmus^ + (J + mb^)s + mubK2} /K1(muas + LK2) (15) 

By substituting the constant values and the calculated values obtained at the step 104 into the above Equation 
(1 5), a specific value of the transfer function Hr(s) is determined. The specific value of the Hr(s) is multiplied by the yaw 
rate r read at the step 108, so that the inference value a1 is determined by the above Equation (1 4). 
20 Thus, the ECU 10, at the step 112, determines the Inference value a1 of the front-wheel slip angle from the yaw 
rate r, as in the procedure shown in FIG 9. 

After the inference value a1 is determined, the ECU 1 0, at step 1 1 4. detects wrtiether the absolute value |a1 1 of the 
determined inference value is smaller than the maximum slip angle almax- "^^^ inference value a1 determined at the 
step 112 may be positive or negative depending on the direction of the turning of the vehicle. For this reason, in this 
25 step 114. the absolute value of the determined inference value is compared with the maximum slip angle. 

If the result at the step 11 4 is affirmative (|a1 1 < a1 max)* 'S determined that no "drift-out" of the vehicle occurs since 
the slip angle a and the lateral force F of the front wheel have a linear relation and the front wheel currently has a proper 
road holding ability. The procedure shown In FIG.9 ends without outputting a detection signal Indicative of "drift-out" of 
the vehicle. 

30 If the result at the step 1 1 4 is negative (|a1 1 & a1 ^ax)' ^ determined that "drift-out" of the vehicle occurs since the 
slip angle a and the lateral force F of the front wheel have a nonlinear relation and the front wheel currently loses a 
proper road holding ability. The ECU 10. at step 116, outputs a detection signal indicative of "drift-out" of the vehicle. 
After the step 1 16 is performed, the procedure shown in FIG.9 ends. Accordingly, the discrimination of "drift-out" of the 
vehicle when operating in a curved path is performed by the ECU 10 using the yaw rate "r" only. In the dynamic behavior 

35 estimate system in this embodiment, only the yaw rate sensor 16 is required and the lateral acceleration sensor 18 and 
the steering angle sensor 20 are not required. It is possible to carry out the discrimination of "drift-out" of the vehicle 
with a low cost. Since errors of the output signals of the sensors 1 6, 1 8 and 20 relating to the vehicle behavior parameters 
do not accumulate in this embodiment, it is possible to ensure an accurate discrimination of instability of the vehicle. 
In the above-described embodiment, the Equations (14) and (15) are derived from the Equations (8) through (13) 

40 by taking Into account the transfer function Hr(s) with respect to the yaw rate r. Similarly, the equations used to determine 
the inference value a1 of the front-wheel slip angle from the lateral acceleration Gy can be derived from the Equations 
(8) through ( 1 3) by using a transfer function HGy(s) and the lateral acceleration Gy. as follows. 



45 



a1 = HGy(s)'Gy (16) 
HGy(s) = {Jmus % (J + mb)K2s ^ + mubK2) /K1 (Jmus ^ + bLK2s + uLK2) (1 7) 



Similarly, the equations used to determine the inference value a1 of the front-wheel slip angle from the steering 
angle 5 can be derived from the above Equations (8) through (13) by using a transfer function H5(s) and the steering 
50 angles, as follows. 

a1=H6(s)«5 (18) 
{LKrK2 + (bK2-aK1)mu}^] 
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Therefore, it is possible that the dynamic behavior estimate system of the present Invention carries out a discrim- 
ination of "drift-out" of the vehicle from the lateral acceleration Gy only and a disalmination of "drift-out" of the vehicle 
from the steering angle 5 only, in the same manner as In the above-described embodiment. 

FIG.13 shows a discrimination of "drift-out" of the vehicle performed by the ECU 10 using a lateral acceleration 
5 signal (Gy) output from the lateral acceleration sensor 18. FIG.14 shows a discrimination of "drift-ouT of the vehicle 
performed by the ECU 10 using a steering angle signal (6) output from the steering angle sensor 20. In FIGS. 13 and 
14. the steps which are the same as corresponding steps In FIG.9 are designated by the same reference numerals, and 
a description thereof will be omitted. 

In FiG.13, the procedure to discriminate "drift-out" of the vehicle from the lateral acceleration signal (Gy) includes 
10 the steps 100. 102. 104 and 106. the step 1 10. and the steps 1 14 and 1 16 which are the same as corresponding steps 
of the procedure in FIG.9. 

In this procedure, after the steps 100-106 are performed, the ECU 10, at step 200, reads a signal indicative of the 
lateral acceleration Gy generated by the lateral acceleration sensor 18. 

After the low-pass filtering at the step 1 10 is performed, the ECU 10. at step 202. determines an inference value 
IS "a1 " of the front-wheel slip angle from the lateral acceleration "Gy" in accordance with the above Equations (1 6) and (1 7). 

In FIG. 14, the procedure to discriminate "drift-out" of the vehicle from the steering angle signal (5) includes the steps 
100, 102, 104 and 106. the step 1 10, and the steps 1 14 and 1 16 which are the same as corresponding steps of the 
procedure in FIG.9. 

In this procedure, after the steps 100-106 are performed, the ECU 10, at step 300. reads a signal indicative of the 
20 steering angle 5 generated by the steering angle sensor 20. 

After the step 1 10 is performed, the ECU 10, at step 302, determines an inference value "al" of the front-wheel slip 
angle from the steering angle "6" in accordance with the above Equations (18) and (19). 

The above Equations (8) through (13) are used to determine the inference value "al " of the front-wheel slip angle. 
Similarly, the equations for motion of the vehicle wxxiel in FIG.10, which are used to determine an inference value "aZ'* 
25 of a rear-wheel slip angle, can be defined. Such equations includes equations which are the same as the above Equations 
(8). (9). (''2) and (13), and equations which are different from the above Equations (10) and (11). 

The charts shown In FIG.11 and FIG.12 are indicated by linear approximation of the slip-angle vs. lateral-force 
relationships of the front wheel and the rear wheel, respectively Similariy. such approximations are used in order to 
simplify the calculations to determine the inference value "a2" of the rear-wheel slip angle. For use in the determination 
30 of the inference value "a2". the above Equations (1 0) and (1 1 ) are modified as follows. 

F1 = K1 • al (20) 

F1 = K2 • a2 (0 ^ a2 ^ a2max) 

= F2max (a2max s a2) ^ ' 



40 



55 



Accordingly, from the atx)ve Equations (8), (9), (12), (1 3). (20) and (21 ), the inference value "a2" of the rear-wheel 
slip angle can be expressed by using a transfer function Hr(s) and the yaw rate r. as follows. 



(1) 

a2 = Hr(s) • r (22) 

45 Hr(s) ^ - {(-Jz + bma)s + amu} /{K2a -i- bK2 -i- umsa} (23) 

Similarly, from the above Equations (8). (9). (12), (13), (20) and (21). the equations used to determine the 
inference value a2 of the rear-wheel slip angle can be derived by using a transfer function HGy(s) and the lateral 
acceleration Gy. as follows. 
50 (2) 

a2 = HGy(s) • Gy (24) 

HGy(s) = - {(-Jz + bma)s + amu) /{us ^ Jz + (aK2b + b ^ K2)s + bK2u + uK2a} (25) 

Similarly, from the above Equations (8), (9), (12), (13), (20) and (21), the equations used to determine the 
inference value a2 of the rear-wheel slip angle can be derived by using a transfer function H5(s) and the steering 
angle 5, as follows. 
(3) 
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a2=»H6(s)*5 (26) 

H5{s) = - K1u{(-Jz + bma)s + amu} /{u^ms^Jz + (umb^K2 + KUzu + K2Jzu + uma^K1)s ■ aKlmu^ + 
2aK1K2b + bK2mu^ + K1b^K2 + K2a^K1) 



15 



Therefore, if one of the vehicle behavior parameters including the yaw rate r. the lateral acceleration Gy and 
the steering angle 5. is detected, the dynamic behavior estimate system of the present invention can determine an 
inference value a2 of the rear-wheel slip angle from the above one of the vehicle behavior parameters in accordance 
with the above-mentioned equations. 

In addition, If the rear-wheel maximum lateral force "F2max'' and the rear-wheel cornering power are calculated by 
the above Equations (4) and (6). the maximum slip angle a2max can be determined by the following equation. 

a2^ = F2maxA<2 (28) 



Accordingly, if one of the vehicle behavior parameters including the yaw rate r, the lateral acceleration Gy and 
the steering angle 5 is detected, the dynamic behavior estimate system of the present invention can discriminate "spin" 
20 of the vehicle when operating in a curved path by comparing the inference value q2 of the rear-wheel slip angle with the 
maximum slip angle a2^ax- 

FIG.15 shows a discrimination of "spin" of the vehicle performed by tine ECU 10 using a signal output from the yaw 
rate sensor 16. 

In FIG.15, tiie procedure to discriminate "spin" of tiie vehicle from the yaw rate signal (r) includes the steps 100. 
25 1 02 and 104, and the step 1 1 0 which are the same as corresponding steps of the procedure in FIG.9, and a description 
thereof will be omitted. 

In this procedure, after the steps 100-104 are performed, the ECU 10, at step 400. determines a maximum slip 
angle "a2max" oi the rear wheels from the "F2max" and the ''K2" determined at the step 104 in accordance with the 
above Equation (28). The ECU 10, at step 402. reads a signal indicative of the yaw rate "r" generated by the yaw rate 
30 sensor 16. 

After the step 1 10 is performed, the ECU, at step 404, determines an inference value *a2" of the rear-wheel slip 
angle from the yaw rate T in accordance with the above Equations (22) and (23). 

After the inference value "a2" is determined, the ECU 10, at step 406, detects whether the absolute value |a2| of 
the determined inference value is smaller than the rear-wheel maximum slip angle "a2niax"- 
3s If the result at the step 406 is affirmative (|a2| < a2n^ax)> it is determined that no "slip" of the vehicle occurs since 
the slip angle a and the lateral force F of the rear wheel have a linear relation and the rear wheel cunrently has a proper 
road holding ability. The procedure shown in FIG.15 ends witiiout outputting a detection signal indicative of "slip" of the 
vehicle. 

If the result at the step 406 is negative (|(x2| & a2^ax)' ^ determined that "slip" of the vehicle occurs since the slip 
40 angle a and the lateral force F of the rear wheel have a nonlinear relation and the rear wheel cunrently loses a proper 
road holding atnlity The ECU 1 0, at step 408, outputs a detection signal Indicative of "slip" of the vehicle. After the step 
408 is performed, the procedure shown in FIG.15 ends. 

FIG. 1 6 shows a discrimination of "spin" of the vehicle performed by the ECU 1 0 using a signal output from the lateral 
acceleration sensor 18. In FIG. 16. the steps which are the same as corresponding steps in FIG.15 are designated by 
45 the same reference numerals, and a description thereof will be omitted. 

In the procedure shewn in FIG. 1 6, after the step 400 is performed, the ECU 1 0. at step 500. reads a signal Indicative 
of the lateral acceleration "Gy" generated by the lateral acceleration sensor 18. 

After the step 110 is performed, the ECU 10. at step 502, determines an inference value "02" of the rear-wheel slip 
angle from the lateral acceleration "Gy" in accordance with tiie above Equations (24) and (25). 
50 FIG. 17 shows a discrimination of "spin" of the vehicle performed by the ECU 10 using a signal output from the 
steering angle sensor 20. In FIG.17, the steps which are the same as corresponding steps in FIG.15 are designated by 
the same reference numerals, and a description thereof will be omitted. 

In the procedure shown in FIG. 1 7. after tiie step 400 is performed, the ECU 1 0, at step 600, reads a signal indicative 
of the steering angle "5" generated by the steering angle sensor 20. 
55 After the step 1 1 0 is performed, the ECU 1 0. at step 602, determines an inference value "a2" of the rear-wheel slip 
angle from the steering angle "5" in accordance with the above Equations (26) and (27). 

When one of the procedures shown in FIGS. 15, 16 and 17 is performed by the ECU 10. the dynamic behavior 
estimate system of the present invention discriminates "spin" of tiie vehicle based on only one of the vehicle behavior 
parameters including tiie yaw rate r. the lateral acceleration Gy and the steering angle 5. Therefore, both the discrimi- 



Patent provided by Sughrue^ion, PLLC • http://www.sughrue.com 



EP0716 948A2 



nations of "drift-out" and "spin" of the vehicle when operating in a curved path can be carried out by the dynamic behavior 
estimate system of the present invention. 

In addition, if at least one of the yaw rate sensor 1 6, the lateral acceleration sensor 1 8 and the steering angle sensor 
20 is connected to the ECU 10, it is possible that the dynamic behavior estimate system in the above-described embod* 
5 iment carries out both the discriminations of "drift-out" and "spin" of the vehicle. 

FIGS.18A. IBB and 18C show characteristics of a threshold value "GyTHI" of front-wheel lateral acceleration and 
a threshold value "GyTHa" of rear-wheel lateral acceleration for different vehicle speeds "u". The abscissa indicates the 
frequency of the lateral acceleration "Gy". TTie characteristics in FIG.18A are those when the vehicle speed "u" is high, 
the characteristics in FIG.18B are those when the vehicle speed "u" is middle, and the characteristics in FIG.18C are 
70 those when the vehicle speed "u" is low. 

Generally, when the lateral acceleration Gy with respect to a wheel of the vehicle is below a threshold value, the 
wheel has a proper road holding ability and any instability of the vehicle does not occur. When the lateral acceleration 
Gy exceeds the threshold value, the wheel loses a proper road holding ability and an instability of the vehicle occurs. 

As shown In FIGS.18A, 188 and 18C, the threshold value **GyTHr is always smaller than the threshold value 
15 "GyTH2" when the vehicle speed is low, and the threshold value "GyTHI " may sometimes exceed the threshold value 
"GyTH2" when the vehicle speed is high. In FIG 188, the characteristic curve "GyTHI" is tangential to the characteristic 
curve ''GyTH2'' at a certain frequency Hereinafter, a vehicle speed in the case of FIG.18B is called a critical vehicle 
speed "Vsp". 

Therefore, if the vehicle speed "u" is smaller than the critical vehicle speed "Vsp". the front wheels of the vehicle 
20 will lose a road holding ability earlier than the rear wheels since the threshold value "GyTHI" of front-wheel lateral 
acceleration is always smaller than the threshold value "GyTH2" of rear-wheel lateral acceleration. In other words, "spin" 
of the vehicle never occurs in such a condition. 

Accadingly, if a discrimination of "spin" of the vehicle is performed by the dynamic behavior estimate system of the 
present invention even when the vehicle speed "u" is below the critical vehicle speed "Vsp". the time needed for the 
25 calculations at such cycles is worthless. A speedy discrimination of instability of the vehicle when the vehicle rapidly 
accelerates cannot be realized. 

FIG.19 shows an inhibition of the discrimination of "spin" of the vehicle performed by the ECU when the vehicle 
speed is smaller than a critical vehicle speed. In order to eliminate the above-described problem, the procedure used 
to discriminate "spin" of the vehicle, shown In FIG.1 5. is improved by this inhibition procedure. In the procedure shown 
30 in FIG.19, the performance of the discrimination of "spin" of the vehicle by the ECU 10 is inhibited when the vehicle 
speed is below the critical vehicle speed. 

In FIG.19. the steps used to discriminate "spin" of the vehicle from the yaw rate "r", which are the same as corre- 
sponding steps in FIG. 15. are designated by the same reference numerals, and a description thereof will be omitted. 
In the procedure of FIG. 1 9, after the step 1 04 is performed, the ECU 1 0. at step 700, detects whether the acceleration 
35 "du/dt" of the vehicle is greater than a reference value "AO". In this step, it is determined whether a change In the vehicle 
speed "u" within a unit time is great enough to start the inhibition or not. 

If the result at the step 700 is negative, the inhibition is not started. The ECU 10 at the step 400 determines the 
maximum slip angle ''a2jnax'' the rear wheel. 

If the result at the step 700, the ECU 10. at step 702, determines the critical vehicle speed "Vsp". 
40 As described above, the critical vehicle speed "Vsp" is a vehicle speed when the requirement that the characteristic 
curve "GyTHI" is tangential to the characteristic curve "GyTH2", as shown in FIG.18B. is met. 

When the vehicle model shown in FIG.10 is applied, the critical vehicle speed "Vsp" can be defined as follows. 

Vsp = JK2/2a^ {(1/m + b^/J) ^ -(l/m - ab/J) ^} • [b + V{b^ - a^(F1max/F2max)^}] (29) 

45 

By substituting the constant values and tiie determined values, obtained at the step 1 04, into the above Equation 
(29). the critical vehicle speed "Vsp" can be determined. Thus, the ECU 10. at the step 702. determines tiie critical 
vehicle speed "Vsp" in accordance with the above Equation (29). 

After tiie "Vsp" is determined, the ECU 10. at step 704. detects whether the vehicle speed "u" is smaller than tiie 
50 critical vehicle speed "Vsp". 

If the result at the step 704 is affirmative. It is determined that "spin" of the vehicle never occur, and tiie discrimination 
of "spin" of tiie vehicle is inhibited. The routine at the present cycle Immediately ends and the subsequent steps after 
the step 704 are not performed by the ECU 10. The time needed for the calculations at the present cycle can be saved 
by taking a short cut. 

55 If the result at the step 704 is negative, it is determined tiiat "spin" of the vehicle is possible. The ECU 10 performs 
the subsequent steps after the step 704 to discriminate "spin" of the vehicle. Thus, it Is possible that the dynamic behavior 
estimate system of the present Invention cames out a speedy discrimination of "spin" of the vehicle when the vehicle 
rapidly accelerates. 
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FIG.1 shows a dynamic behavior estimate system of an automotive vehicle in one aspect of the present invention. 
In this dynamic behavior estimate system, a reading unit 31 reads a signal indicative of one of vehicle behavior param- 
eters when the vehicle operates in a curved path. A disaiminating unit 32 discriminates an instability of the vehicle when 
an inference value from the above one of the vehicle behavior parameters indicated by the signal exceeds a reference 

5 value. A slip angle detecting unit 33, coupled to the discriminating unit 32, detects a maximum slip angle that can hold 
a lateral force of rear wheels of the vehicle below a critical value and sets the reference value equal to the maximum 
slip angle. An inference value setting unit 34. which is responsive to the signal from the parameter reading unit 31, 
determines the inference value from the above one of the vehicle behavior parameters indicated by the signal. 

In the dynamic behavior estimate system in FIG.1. the parameter reading unit 31 is realized by any of the steps 

10 108, 200. 300. 402. 500 and 600 performed by the ECU 10, the discriminating unit 32 is realized by the steps 406 and 
408 performed by the ECU 10. the slip angle detecting unit 33 is realized by the step 400 performed by the ECU 10. 
and the inference value setting unit 34 is realized by the step 404 performed by the ECU 10. 

FIG.2 shows a dynamic behavior estimate system of an automotive vehicle in another aspect of the present invention. 
In this dynamic behavior estimate system, the parameter reading unit 31 is the same as that shown in FIG.1. and it 

IS reads a signal indicative of one of vehicle behavior parameters when the vehicle operates in a curved path. A discrim- 
inating unit 35 disaiminates an instability of the vehicle when an inference value from the above one of the vehicle 
behavior parameters indicated by the signal exceeds a reference value. A slip angle detecting unit 36, coupled to the 
discriminating unit 35. detects a maximum slip angle that can hold a lateral force of front wheels of the vehicle below a 
critical value and sets the reference value equal to the maximum slip angle. An inference value setting unit 37. which is 

20 responsive to the signal from the parameter reading unit 31 , determines the inference value from the above one of the 
vehicle behavior parameters indicated by the signal. 

In the dynamic behavior estimate system in FIG.2, the parameter reading unit 31 is realized by any of the steps 
108, 200. 300, 402. 500 and 600 performed by the ECU 10, the discriminating unit 35 is realized by the steps 114 and 
1 16 performed by the ECU 10, the slip angle detecting unit 36 is realized by the step 106 performed by the ECU 10, 

25 and the inference value setting unit 37 is realized by the step 112 performed by the ECU 10. 

FIG.3 shows a dynamic behavior estimate system of an automotive vehicle in still another aspect of the present 
invention. In this dynamic behavior estimate system, the parameter reading unit 31, the discriminating unit 32 (or 35) 
and the inference value setting unit 34 (or 37) are the same as corresponding units in FIG.1 or FIG.2. The slip angle 
detecting unit 33 (or 36) includes a lateral force determining unit 41, a cornering power determining unit 42, and a slip 

30 angle determining unit 43. 

The lateral force determining unit 41 determines the front-wheel maximum lateral force "Flmax" or the rear-wheel 
maximum lateral force "F2max". The cornering power determining unit 42 determines the front-wheel cornering power 
"Kr or the rear-wheel cornering power •'K2". The slip angle determining unit 43 determines the front-wheel maximum 
slip angle "a1 max" or the rear-wheel maximum slip angle "a2n^ax" based on the determined values of "Fl max", "F2max", 

35 "Kl" and "K2" from the lateral force determining unit 41 and the cornering power determining unit 42. 

In the dynamic behavior estimate system in FIG.3, the lateral force determining unit 41 is realized by the determi- 
nations of the front-wheel and rear-wheel maximum lateral forces "Flmax" and "F2max'' at the step 104 performed by 
the ECU 1 0, the cornering power determining unit 42 is realized by the determinations of the front-wheel and rear-wheel 
cornering powers "Kl" and ''K2" at the step 104 performed by the ECU 10, and the slip angle determining unit 43 is 

40 realized by the determination of the maximum slip angle "al ^ax" or "a2max" based on the determined values of "Fl max", 
-F2max^ "Kr and ''K2" at the steps 106 and 400 performed by the ECU 10. 

FIG.4 shows a dynamic behavior estimate system of an automotive vehicle in a further aspect of the present inven- 
tion. In this dynamic behavior estimate system, the parameter reading unit 31 , the discriminating unit 32, the slip angle 
detecting unit 33, and the inference value setting unit 34 are the same as corresponding units in FiG.1 . This dynamic 

45 behavior estimate system further includes a vehicle speed reading unit 38, a critical vehicle speed determining unit 39. 
and an inhibiting unit 40. 

The vehicle speed reading unit 38 reads a signal indicative of a vehicle speed "u" of the vehicle. The critical vehicle 
speed determining unit 38 determines a critical vehicle speed "Vsp" in accordance with a predetermined formula. The 
inhibiting unit 40 inhibits the discrimination of the instability of the vehicle by the discriminating unit 32 when the vehicle 
50 speed "u" is smaller than the critical vehicle speed "Vsp". In addition, the inhibiting unit 40 inhibits the detection of the 
maximum slip angle by the slip angle detecting unit 33 under the same condition of the vehicle speed. In addition, the 
Inhibiting unit 40 inhibits the determination of the inference value by the inference value setting unit 34 under the same 
condition of the vehicle speed. 

In the dynamic behavior estimate system in FtG.4, the vehicle speed reding unit 38 is realized by the step 102 
55 being performed by the ECU 1 0. the critical vehicle speed determining unit 39 is realized by the step 702 being performed 
by the ECU 10. and the inhibiting unit 40 is realized by the step 704 being performed by the ECU 10. 

In the above-described embodiments, an inference value (al or a2) is determined based on one of the vehicle 
behavior parameters (r, Gy, 6), and the inference value is compared with the maximum slip angle (a1max or a2n,ax) 
order to discriminate an instability of the vehicle. However, the method of the comparison Is not limited to the above- 
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described embodiment. For example, another conceivable method is that the maximum slip angle (al^ax or oS^naJ ^ 
converted into another value by a suitat>le conversion, and the value after the conversion is corrpared directly with one 
of the vehicle behavior parameters. 

Further, the present invention is not limited to the above-described embodiments, and variations and modifications 

5 may be made without departing from the scope of the present invention. 

A dynamic behavior estimate system of an automotive vehicle includes a parameter reading unit (31) which reads 
an input signal indicative of one of vehicle behavior parameters when the vehicle operates in a curved path. A discrim- 
inating unit (32; 35) outputs a detection signal indicative of discrimination of an instability of the vehicle when a value 
from the above one of the vehicle behavior parameters exceeds a reference value. A slip angle detecting unit (33; 36) 

10 detects a maximum slip angle that can hold a lateral force of rear wheels or front wheels of the vehicle below a critical 
value, and sets the reference value equal to the maximum slip angle. An inference value setting unit (34; 37) determines 
an inference value from the above one of the vehicle behavior parameters indicated by the signal, and which sets the 
value, used by the discriminating unit, equal to the inference value, thereby allowing the discriminating unit to detect 
whether the inference value exceeds the reference value. 

15 

Claims 

1 . A dynamic behavior estimate system of an autonxrtive vehicle which includes a parameter reading means for reading 
a signal indicative of one of vehicle behavior parameters with respect to the vehicle when operating in a curved 

20 path; and a disaiminating means for outputting a detection signal indicative of discrimination of an instability of the 
vehicle when a value from said one of the vehicle behavior parameters indicated by said signal exceeds a reference 
value, characterized in that said dynamic behavior estimate system comprises: 

slip angle detecting means (33), coupled to said discriminating means (32), for detecting a maximum slip 
angle that can hold a lateral force of rear wheels of the vehicle below a critical value, and for setting the reference 

25 value equal to said maximum slip angle; and 

inference value setting means (34) for determining an inference value from said one of the vehicle behavior 
parameters indicated by said signal from said parameter reading means (31). and for setting said value, used by 
said discriminating means (32), equal to the inference value, thereby allowing said discriminating means (32) to 
detect whether the inference value exceeds the reference value. 

30 

2. A dynamic behavior estimate system of an automotive vehicle which includes: parameter reading means for reading 
a signal indicative of one of vehicle behavior parameters with respect to the vehicle when operating In a curved 
path; and discriminating means for outputting a detection signal indicative of discrimination of an instability of the 
vehicle when a value from said one of the vehicle behavior parameters indicated by said signal exceeds a reference 

35 value, characterized in that said dynamic behavior estimate system further comprises: 

slip angle detecting means (36), coupled to said discriminating means (35), for detecting a maximum slip 
angle that can hold a lateral force of front wheels of the vehicle below a critical value, and for setting the reference 
value equal to said maximum slip angle; and 

inference value setting means (37) for determining an inference value from said one of the vehicle behavior 
40 parameters indicated by said signal from said parameter reading means (31), and for setting said value, used by 
said discriminating means (35), equal to the inference value, thereby allowing said discriminating means (35) to 
detect whether the inference value exceeds the reference value. 

The dynamic behavior estimate system according to claim 1. wherein said slip angle detecting means (33) com- 
prises: 

lateral force determining means (41) for determining a maximum lateral force of the rear wheels based on a 
vehicle speed detected by a vehicle speed sensor (12) and based on a friction coefficient detected by a friction 
coefficient detector (14); 

cornering power determining means (42) for determining a cornering power of the rear wheels based on the 
vehicle speed detected by the vehicle speed sensor (12); and 

slip angle determining means (43) for determining the maximum slip angle of the rear wheels from the max- 
imum lateral force determined by said lateral force determining means (41 ) and from the cornering power determined 
by said cornering power determining means (42). 

55 4. The dynamic behavior estimate system according to daim 1 , wherein said slip angle detecting means (33) detects 
a rear-wheel maximum slip angle based on a linear approximation of a relationship between a rear-wheel slip angle 
and a rear-wheel lateral force. 



45 
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5. The dynamic behavior estimate system aocording to daim 2, wherein said slip angle detecting means (36) com- 
prises: 

lateral force determining means (41) for determining a maximum lateral force of the front wheels based on 
a vehicle speed detected by a vehicle speed sensor (12) and based on a friction coefficient detected by a friction 
coefficient detector (14); 

cornering power determining means (42) for determining a cornering power of the front wheels based on the 
vehicle speed detected by the vehicle speed sensor (12); and 

slip angle determining means (43) for determining the maximum slip angle from the maximum lateral force 
determined by said lateral force determining means (41 ) and from the cornering power determined by said cornering 
power determining means (42). 

6. The dynamic behavior estimate system according to daim 2, wherein said slip angle detecting means (36) detects 
a front-wheel maximum slip angle based on a linear approximation of a relationship between a front-wheel slip angle 
and a front-wheel lateral force. 

7. The dynamic behavior estimate system according to daim 1 , further comprising: 

vehicle speed reading means (38) for reading a signal indicative of a vehicle speed generated by a vehicle 
speed sensor (12); 

critical vehide speed determining means (39) for determining a critical vehicle speed that does not cause 
the instability of the vehicle to occur, in accordance with a predetermined formula; 

inhibiting means (40). coupled to said discriminating means (34), for inhibiting the discrimination of the insta- 
bility of the vehicle by said discriminating means (34) when the vehicle speed read by said vehide speed reading 
means (38) is smaller than the critical vehide speed determined by said critical vehide speed determining means 
(39). 

8. The dynamic behavior estimate system according to daim 7, wherein said inhibiting means (40) inhibits the detection 
of the maximum slip angle by said slip angle detecting means (33) when the vehide speed read by said vehicle 
speed reading means (38) is smaller than the critical vehicle speed determined by sard critical vehicle speed deter- 
mining means (39). 

9. The dynamic behavior estimate system according to claim 7. wherein said inhibiting means (40) inhibits the deter- 
mination of the inference value by said inference value setting means (34) when the vehicle speed read by said 
vehicle speed reading means is smaller than the critical vehicle speed determined by said critical vehicle speed 
determining means. 

1 0. The dynamic behavior estimate system according to claim 1 , wherein said inference value setting means (34) deter- 
mines an inference value of a rear-wheel slip angle from a yaw rate signal indicative of a rear-wheel yaw rate gen- 
erated by a yaw rate sensor (16). 

1 1 . The dynamic behavior estimate system according to claim 1 . wherein said inference value setting means (34) deter- 
mines an inference value of a rear-wheel slip angle from a lateral acceleration signal indicative of a rear-wheel lateral 
acceleration generated by a lateral acceleration sensor (18). 

1 2. The dynamic behavior estimate system according to claim 1 , wherein said inference value setting means (34) deter- 
mines an inference value of a rear-wheel slip angle from a steering angle signal indicative of a steering angle gen- 
erated by a steering angle sensor (20). 

1 3. The dynamic behavior estimate system according to claim 2, wherein said inference value setting means (37) deter- 
mines an inference value of a front-wheel slip angle from a yaw rate signal indicative of a front-wheel yaw rate 
generated by a yaw rate sensor (16). 

1 4. The dynamic behavior estimate system according to claim 2, wherein said inference value setting means (37) deter- 
mines an inference value of a front-wheel slip angle from a lateral signal indicative of a front-wheel lateral acceleration 
generated by a lateral acceleration sensor (18). 

1 5. The dynamic behavior estimate system according to claim 2, wherein said inference value setting means (37) deter- 
mines an inference value of a front-wheel slip angle from a steering signal indicative of a front-wheel steering angle 
generated by a steering angle sensor (20). 
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